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How much information is there?

■ Nucleotide records
• 9,102,634

■ Nucleotides
• 10,335,692,655

■ Protein sequences
• 1,183,833

■ 3D structures
• 12,863

■ Expression data points
• >20,000,000

■ Human Unigene clusters
• 84,130

■ Maps and complete genomes
• 11,166

■ Different taxonomy nodes
• 162,025

■ dbSNP
• 1,463,178

■ Human Refgene records
• 14,133

■ Human contigs >500 kb (28,525 MB)
• 257

■ PubMed records
• 10,965,353

■ OMIM records
• 11,950



Information puzzles end abruptly?
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Vertical querying

GenBank PDB MEDLINESWISS-PROT

query
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MARTKQTARK
STGGKAPRKQ
LATKAARKSA

atg gcc cga acc aag cag
act gct cgt aag tcc acc
ggt ggg aaa gcc ccc cgc
aaa cag ctg gcc acg aaa
gcc gcc agg aaa agc gct

Nature 1997 Sep 
18;389(6648):251-260 

Crystal structure of the 
nucleosome core 
particle at 2.8 A 
resolution.

Luger K, Mader AW,
Richmond RK,  Sargent 
DF, Richmond TJ



The Biotechnology Information Explosion

MEDLINE
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Mapped Human Genes 
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Protein 3D Structures 
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Entrez and its databases

vertical 
querying

horizontal
or lateral 
querying

horizontal
or lateral 
querying



Amino acid 
sequence similarityCoding region 

features

Nucleotide 
sequence 
similarity

Term frequency 
statistics

Literature 
citations in 
sequence 
databases
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citations in 
sequence 
databases
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abstracts
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sequences
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Entrez  (1992)



Entrez  (1994)

Nucleotide sequence

ACGATGTGTCGATGGGT
TTCTCTATATTATCCCT
GGAAGCTAGGATATAGG
CGCTGATTGAGGTGGTT
TCGGTTCATCTGCATGC
TAGCATGATATTGATCG
TGGCTTAAGGCTAGTCG

Protein sequence

MVILLVIIVLISDKRI
VTGREGSIPCMNVNER
KRKKTDEHIVLILGGP
ILLNNASVLPESDESA
SDSGPLIKRKEKRWKL
LALAMARNSPNCTGGT
PLIKRESDSEDLRRED

MEDLINE

Nucleotide 
Sequence 
Similarity

Protein 
Sequence 
Similarity

Text 
Similarity

Structural 
Similarity

Cross-references

3-D structure



Entrez BigMed Data Set 
(Replaced by PubMed)

■ Version 27.58; April 22, 1997
■ 1,392,146 MEDLINE entries 

• All citations indexed under the MeSH term “Genetics” and its 
descendants ( i.e. G5 tree)

• Smaller subsets having to do with molecular sequences
• Compare to total MEDLINE with ~ 8 million records

■ 421,797 protein entries (“nr”)
■ 1,273,697 nucleotide entries (“nr”)
■ 4,873 structure entries (MMDB)
■ 47,213 genome  entries 
■ linked journals: J. Biol. Chem., PNAS, Science, J.M.B., 

++++



Entrez: Genotype to Phenotype (1996)

Genomes Structures

MVILLVILAIVLISD
VTGREGSWQIPCMNV
KRKKGREGDHIVLIL
ILLNNAWASVLPESDS
SDSGPLIILHEREKR
LALAMAREENSPNCT
PLIKRESAEDSEDLR
KRKKTDEDDHIVLIL

ACGATGTGGTCGATG
TTCTCTATTATTATC
GGAAGCTAAGGATAT
CGCTGATGTGAGGTGA
TCGGTTCTATCTGCA
TAGCATGGATATTGA
TGGCTTATAGGCTAG
CGCTGATGTGAGGTG

Links

Protein 
Sequences

Nucleotide 
Sequences

MEDLINE



Phylogeny
(Taxonomy)

Entrez Increases Discovery Space 1998
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Entrez Implementations

■ CD-ROM subscription (stand-alone)
• Impractical/data currency:

• 6000 new peer-reviewed articles per month
• Sequence databases double ~20 months

• Slow access speed
• Capacity limited to 660 MB per CD-ROM



Entrez Implementations

■ Network Entrez (client-server)
• Connect to dispatcher
• Fastest Entrez implementation
• Software installations and updates maintained by user

■ Web Entrez (WWW client-server)
• Universality of WWW
• Can serve users without access to GUI environment (Lynx)
• Linking and neighboring information can be expressed as 

hypertext
• Ability to link to external data sources
• WWW browsers are supported by third-party developers
• Web implementation maintained by NCBI



Entrez Implementations

Web EntrezNetwork Entrez Version 6.6



NCBI’s Home Page 

www.ncbi.nlm.nih.gov



• start with a syndrome search in OMIM
• identify the gene for the syndrome
• locate the gene on the genome

• other genes nearby
• information about the gene in LocusLink
• links to sequence and structure information
• view structurally similar proteins

• The Cubby at the NCBI

Objectives



Autoimmune lymphoproliferative syndrome (ALPS))
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Structure of apopain 
(which has sequence 

similarity to caspase-10)

Sequence alignment of 
apopain and caspase-10



ALPS case study
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L242F active 

site C361







The Cubby











More about querying









Entrez Genomes Division

click









Structure searching ...

http://www.ncbi.nlm.nih.gov/Structure/












